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INTRODUCTION

Ischaemia and infarction
Ischaemic heart disease is considered as the single most frequent cause of death, provoking more than 7,000,000 deaths every year worldwide.
1,2 A high percentage of patients suffering ischaemic heart disease experience sudden cardiac death, 3 with over to 450,000 cases being reported in chronically infarcted tissue is discussed, including a very novel approach to myocardial ablation which uses image-based electrical simulations.
SIMULATION OF ISCHAEMIA AT THE CELLULAR LEVEL
It has been known for many years that acute ischaemia has three major components that result from cessation of blood flow: acidosis, hypoxia and hyperkalaemia. 27,28 Intracellular and 5 extracellular pH values can drop from 7.2-7.4 to 6.2-6.4 in the first 10-20 minutes of ischaemia.
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Oxygen deprivation provokes a moderate decline in ATP levels and an increase in ADP concentration in the intracellular medium. 30 
Simulating acidosis in phase 1A ischaemia
In almost all ischaemic cellular models, the effects of acidosis are mimicked by reducing the maximum conductance of the fast Na + channels and the L-type Ca 2+ channels. [36] [37] [38] A direct consequence of these changes is a reduction in cell excitability and upstroke velocity. 39 within the CIZ due to electrogenic drift.
Simulating electrical activity in regional ischaemia
When the NZ, BZ and CIZ are included in a tissue model coupled to an ischaemic AP model, the electrical activity of an acutely ischaemic tissue can be simulated. Ferrero et al. 72 
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due to the combined effects of hyperkalaemia and acidosis (see Figure 2A ). Second, an sharp reduction in APD and effective refractory period (ERP) is found in the normal side of the BZ (due to abrupt I K(ATP) activation in the first millimetre of the BZ), but ERP subsequently increases across the BZ reaching almost normal values in the CIZ, mainly due to hyperkalaemia ( Figure 2B ). Thus, the model predicts a strong gradient in ERP across the BZ and a high degree of PRR (>80 ms) in the CIZ, which is consistent with experimental findings by Zaitsev et al. in regionally ischaemic pig hearts. 64 Third, as shown in Figure 2C , acidosis and hyperkalaemia strongly reduce the inward Na + current (I Na ) peak in the CIZ, reaching a value comparable to the L-type Ca 2+ current (I Ca(L) ) peak. This can be further appreciated in Figure 2D , where the time-course of AP, I Na and I Ca(L) during the depolarization and early plateau phases is shown. The upstroke of the AP is divided into two distinct components (one 5 supported by I Na and the other by I Ca(L) ), something which has been observed experimentally. 
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Using the same tissue model for phase 1A ischaemia described previously, Ferrero et al. The time-course of arrhythmia vulnerability 
The role of mechanoelectrical feedback
In all the simulations mentioned above, the trigger for reentry was artificially applied in the
15
form of a premature stimulus externally delivered at a certain site (normally the subendocardial BZ)
8, 73, 76 , so no inference can be made about the originating mechanism of reentry. Recent multiscale simulations by Jie et al. suggest that mechanoelectrical feedback may play a pivotal role. 98 The simulations involved 3D anatomically and structurally accurate virtual rabbit ventricles in which occlusion of the LAD artery was simulated. The ionic model employed included a mathematical 20 description of two distinct mechanosensitive channels, 99 and it also included a novel bidomain electromechanical model. According to their results, mechanosensitive ionic channels 100 are recruited due to the non-uniformity of mechanical strain during acutely ischaemic contractions, resulting in suprathreshold depolarizations in the BZ which act as the trigger of the premature beat that, in turn, elicits reentry. Additionally, delayed after-depolarizations (DAD) also resulting from mechanoelectrical 25 feedback in the ischaemic region can contribute to lower excitability, enhancing refractoriness in the CIZ and favouring reentry.
Arrhythmias in phase 1B ischaemia
Less attention has been paid to the mechanisms of arrhythmias in phase 1B ischaemia. In 121, 122 It is thus an important factor to consider when implementing realistic electrical models of the infarcted heart in the subacute and chronic phases.
Experimental evidence exists according to which myofibroblasts proliferate following myocardial infarction, especially in the peri-infarct zone. 123, 124 Electrical coupling between myofibroblasts and myocytes is well established in cell culture 125 and the presence of fibrotic areas in 20 the ventricle leads to altered and discontinuous conduction and fractionated electrograms. 126, 127 Several theoretical studies focusing on the electrotonic coupling between fibroblasts and myocytes use computational models of the passive and active electrical behaviour of fibroblasts. [128] [129] [130] Simulations reveal significant electrophysiological consequences of coupling fibroblasts to myocytes at the cellular level, such as partial diastolic depolarization of the myocyte and significant shortening of 25 its APD. 128 Also, the critical pacing cycle length at which alternans occur is changed by fibroblastmyocyte coupling. 131 In results obtained from 1D and 2D simulations, conduction disturbances arise in the presence of fibrosis 132, 133 and changes in electrical restitution properties occur, leading to spiral wave instability. 134, 135 Using 2D simulations, Xie et al. observed an increased vulnerability to reentry in the presence of fibrosis. 131 Fractionated electrograms were also obtained in 2D simulated ventricular tissues with different fibrosis densities. is still impossible to visualize the actual fibre orientation of the in-vivo infarcted heart of a patient.
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SIMULATION OF MYOCARDIAL INFARCTION AT THE ORGAN LEVEL
When these and other limitations are overcome, the use of computational simulations to optimize myocardial ablation procedures in infarcted patients, 143 for instance, will become a real possibility.
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